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Abstract

Background Postpartum depression (PPD) is categorized by the Disorders-Fifth Edition as depression that begins
during pregnancy or within the first month after giving birth. Ketamine and esketamine have shown promising results
in the treatment of several depressive disorders, which suggests that they may have a role in the prevention of PPD.
This systematic review and meta-analysis aim to update evidence about the efficacy and safety of using ketamine

and esketamine to reduce PPD incidence.

Methods We searched four databases, PubMed, Scopus, Web of Science, and Cochrane, to collect relevant studies.
We included studies which investigated the preventive effect of ketamine or esketamine on PPD among women
after giving birth through caesarean or vaginal delivery. We extracted PPD occurrence rate, PPD score, pain score
and side effects. Finally, a meta-analysis was conducted using RevMan software.

Results Twenty-one eligible studies were incorporated in the current systematic review and meta-analysis involv-

ing 4,389 pregnant women. Esketamine was the intervention in 14 studies, and ketamine was used in 7 studies. In
subgroup analysis, both ketamine and esketamine were significantly effective in reducing the incidence of short-term
PPD (ketamine: RR=0.72, 95% Cl [0.56, 0.93], P=0.01; esketamine: RR=0.43, P<0.0001). Esketamine only significantly
reduced the incidence of long-term PPD (RR=0.44, P<0.00001). Low doses and high doses were effective in reducing
the incidence of both short-term (high dose: RR=0.48, P=0.0005; low dose: RR=0.46, P=0.002) and long-term PPD
(high dose: RR=0.54, P<0.0001; low dose: RR=0.61, P=0.009). Regarding the risk of side effects, patients in the Keta-
mine/esketamine group showed statistically significant higher rates of developing dizziness (P=0.0007), blurred vision
(P=0.02), vomiting (P=0.004) and hallucinations (P=0,002) than women in the control group.

Conclusion Both ketamine and esketamine are effective in lowering the incidence of short-term PPD. On the other
hand, only esketamine is effective in reducing the incidence of long-term PPD. It is recommended to use smaller
doses for a more tolerable treatment period since doses less than 0.5 mg are significantly effective. Temporary side
effects such as dizziness, blurred vision, vomiting and hallucinations were reported.
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Introduction

The postpartum period represents a time of increased
vulnerability for women, necessitating prioritized health-
care support. Any unpleasant experience during this
crucial period, which leads to dissatisfaction, can cause
depression, affecting not only the individual but also the
entire family [1]. Postpartum depression (PPD) is a prev-
alent complication, affecting an estimated one in seven
women globally [2]. Studies suggest that over 20% of
women worldwide experience PPD [3]. The typical onset
of PPD occurs between six and eight weeks postpartum,
potentially leading to substantial impairment of daily
functioning [4].

Nowadays, PPD has emerged as a major global health
concern. Despite its widespread prevalence, many
women affected by this condition have not received a
formal medical diagnosis [4]. While numerous factors
have been linked to the development of postpartum
depression, the precise aetiology of the disorder remains
unclear [3].

Current PPD management primarily relies on phar-
macological and psychological therapies. However, long-
term medication may have adverse effects on lactating
mothers, potentially affecting the neurological, emotional
and behavioural development of their infants [5, 6]. Con-
sequently, preventative strategies for PPD are of para-
mount importance.

The limited efficacy and delayed onset of traditional
antidepressants in many individuals with PPD, coupled
with potential adverse effects, underscores the critical
need for novel therapeutic options to augment existing
treatments. Over the past two decades, the search for
more effective antidepressants has intensified, with keta-
mine, an N-methyl-D-aspartate (NMDA) receptor antag-
onist, emerging as a promising candidate [7, 8]. Notably,
esketamine, an S-enantiomer of ketamine with roughly
double the affinity for the NMDA receptor, is primarily
used in paediatric, outpatient, and obstetric anaesthesia
and perioperative pain management [9].

Ketamine has been extensively studied as a potential
intervention for (PPD) due to its ability to rapidly allevi-
ate depressive symptoms and significantly reduce the risk
of suicide [10, 11].

Ketamine exhibits rapid but transient antidepressant
effects, taking effect within minutes to hours of admin-
istration and peaking 24-48 h after use. Current evidence
shows that even individuals who have not responded
to at least two different antidepressants seem to benefit
from treatment with ketamine [7, 8].

Although ketamine possesses certain advantages, its
response levels and stability are yet to be reliably pre-
dicted [12, 13]. Studies have indicated that symptoms of
depression can be reduced within two hours of receiv-
ing a small dose of ketamine via IV administration, with
the effects lasting for two weeks [14]. Other studies sug-
gest that co-administrating ketamine with an anaesthetic
agent during caesarean delivery may prevent PPD, with
its effects lasting from three days to one month [15, 16].

To date, available meta-analyses have focused exclu-
sively on women undergoing caesarean delivery. How-
ever, it is essential to evaluate the evidence regarding the
efficacy of ketamine on PPD following both caesarean
and vaginal deliveries. Therefore, we performed a thor-
ough systematic review and meta-analysis to determine
the potential efficacy and safety of a sub-anaesthetic keta-
mine dose for preventing PPD and to investigate poten-
tial relationships between different covariates and the
effect of ketamine on PPD.

Methods

We followed the Preferred Reporting Items for System-
atic Reviews and meta-analysis statements in the prepa-
ration of our review [17]. The PRISMA Checklist is
presented in supplementary file 1.

Eligibility criteria

Our systematic review included studies that met the fol-
lowing criteria: (1) The population studied consisted of
pregnant women undergoing caesarean section or giving
normal birth. (2) The study design was clinical trials or
observational studies investigating the preventive effect
of ketamine on postpartum depression. (3) The study
reported scores of postpartum depression or the occur-
rence rate of postpartum depression as one of its primary
or secondary outcomes. We did not apply any restric-
tions regarding the dose or route of administration of
ketamine.

We excluded studies that did not meet the previ-
ously established inclusion criteria and those written
in languages other than English, conference abstracts,
and studies deemed unreliable for data extraction and
meta-analysis.

Literature search

On September 12, 2023, we systematically searched
four electronic databases - PubMed, Scopus, Cochrane
CENTRAL, and Web of Science. We searched over lit-
erature related to ketamine and postpartum depression,
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using the search strategy: (Ketamine OR S-Ketamine OR
esketamine OR “2-(2-Chlorophenyl)—2-(methylamino)
cyclohexanone” OR CI-581 OR “CI 581” OR CI581 OR
Ketalar OR Ketaset OR Ketanest OR Calipsol OR Kalip-
sol OR Calypsol OR narkamon OR keta OR ketmin OR
ketava OR ketalin OR ketina OR brevinaze OR keta-
hameln OR Ketamines OR Spravato OR Ketalar OR
Eskesia OR Ketanest-S OR Keta-S) AND (((postpartum
OR Postpartum OR “Post Partum” OR Puerperium OR
puerperal OR postnatal OR Post-Natal OR “Post Natal”
OR “fourth trimester” OR childbirth OR delivery) AND
(Depressive OR Depression OR Depressions OR Dys-
phoria OR “mood disorder” OR “Adjustment Disorder”
OR “Affective Disorder” OR “Affective Symptoms” OR
depressed)) OR (EPDS OR “edinburgh postnatal depres-
sion scale”)). The detailed search strategy is outlined in
supplementary Table 1. We imposed no restrictions or
filters based on publication date or study design. The
literature search of the four previously mentioned elec-
tronic databases was updated on February 8, 2024.

Study selection

Records from different databases were imported into
EndNoteX9, a literature management software, in order
to eliminate duplicates. Subsequently, titles and abstracts
of the records are used to determine their eligibility.
The full texts of the eligible records were then obtained
and screened in order to select the final studies to be
included. Each record was screened independently by
two authors in both steps of screening. A third author
resolved any disagreement.

Data extraction
Two authors independently performed data extraction
from each study of the final included studies using an
online data extraction sheet including (1) general infor-
mation: study ID, study design, country, time of realiza-
tion, patient inclusion criteria, sample size, follow-up
period after caesarean section, depression scale cut-off
value, intervention and control details (2) Baseline char-
acteristics: age, height, weight, body mass index (BMI),
gestational age, duration of surgery and baseline depres-
sion score. (3) Outcomes: short-term and long-term
postpartum depression score; short-term and long-term
occurrence rate of postpartum depression; Day 1 and Day
2-3 pain score; adverse events including dizziness, nau-
sea, vomiting, hallucinations, diplopia, blurred vision and
headache.

We differentiated between short-term and long-term
postpartum depression scores. Short-term scores were
defined as those assessed up to one week after delivery,
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while long-term scores were those assessed four to six
weeks after delivery. We used the latest score when
multiple assessments were conducted within the same
period. A senior author resolved any disagreement.

Quality assessment
The quality of each study was assessed by two authors
independently. We assessed the quality of the included
randomized clinical trials in accordance with the newest
version of the bias assessment tool in randomized con-
trolled trials: Cochrane Risk of Bias 2 tool (RoB2) [18].
Six authors independently assessed the five domains of
RoB2 in each trial: (1) randomization process. (2) devia-
tions from intended interventions. (3) missing outcome
data. (4) measurement of the outcome. (5) selection of
the reported result. The authors answered each signalling
question in one of the following ways: yes (Y), probably
yes (PY), no (N), probably no (PN), or no information
(NI). Bias in each domain were judged according to the
authors’ answers to each signalling question as being one
of the following: high risk, low risk, or some concerns.
On the other hand, the quality of the included non-rand-
omized studies was assessed using the Newcastle-Ottawa
Scale (NOS) for the assessment of non-randomized stud-
ies [19]. Four authors independently assessed each study
regarding different domains of NOS: bias due to selection,
bias due to comparability and bias due to outcome. A sen-
ior author resolved any disagreement.

Measurement of outcome effect

Our primary outcomes were postpartum depression
score and occurrence rate of postpartum depression.
Researchers in all of the included studies assessed post-
partum depression using the Edinburgh Postpartum
Depression Scale (EPDS). Safety outcomes were the
occurrence rate of nausea, vomiting, dizziness and hal-
lucinations. Pain outcome was assessed in the included
studies using the Visual Analogue Scale (VAS) or
Numeric Rating Scale (NRS).

Data synthesis

We analyzed the extracted data using RevMan software
(version 5.4) for Windows. However, Open Meta-analyst
software was used to perform meta-regression since het-
erogeneity between studies was high [20]. Change from
baseline EPDS scores for both short-term and long-term
PPD were calculated whenever feasible and pooled in a
meta-analysis model as mean difference using the Inverse
Variance method. Also, post-operative EPDS scores were
pooled as mean difference and post-operative pain scores
were pooled as standardized mean difference.



Darwish et al. BMC Pregnancy and Childbirth (2025) 25:125

Short-term and long-term occurrence rates of PPD
were pooled as relative risk using the Mantel-Haenszel
(M—-H) method. We used the fixed effect model whenever
data were homogamous, but we used the random effect
model whenever the assumption was that data were het-
erogeneous. We concluded a significant result whenever
the P value was below 0.05 [21].

The current research did not use different estima-
tion methods of mean and standard deviation. When-
ever studies reported data unsuitable for meta-analysis or
meta-regression, it was excluded from the analysis model.
Studies that reported no events in both arms for a specific
outcome were considered uninformative for meta-analysis.

Assessment for heterogeneity

We assessed heterogeneity by visual inspection of the
forest plot and measured it using the Chi-Square test
and I-Square test. Whenever the P value of the Chi-
square test was less than 0.1, the results were considered
heterogeneous.

Subgroup analysis

Because different studies introduced ketamine/esketamine
by various doses and routes of administration in order to
solve heterogeneity between the included studies, we per-
formed a subgroup analysis based on dose and another
one based on the route of administration. Additionally, a
subgroup analysis based on the nature of the intervention
and mode of delivery was considered whenever needed.

Sensitivity analysis and meta-regression

In order to solve heterogeneity, we performed sensitiv-
ity analysis (leave one out) by removing a single study
in each scenario. We observed the effect of excluding a
single study in each scenario on the I-square test and a P
value of the Chi-square test. We performed meta-regres-
sion in order to explore and identify sources of hetero-
geneity between studies. Meta-regression models were
performed based on the participants’ age or the dose of
ketamine applied to the intervention group.

Publication bias

We generated a funnel plot to recognize the possibility
of publication bias whenever the number of studies in a
meta-analysis model allowed. The funnel plot was visually
inspected in order to assess the status of publication bias.

Results

Data collection and study selection

Our electronic search retrieved 1114 records. After
removal of duplicates, 895 records were examined for eli-
gibility by title and abstract screening. Only 34 records
were eligible for full-text screening. Sixteen studies were
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eligible for evidence synthesis in that stage of our system-
atic review. The selection process and reasons for exclu-
sion are demonstrated in the PRISMA flow diagram, Fig. 1.
We updated our literature search on February 8, 2024,
adding more 5 eligible studies. Finally, 21 eligible studies
were incorporated in the current systematic review and
meta-analysis.

Characteristics of the included studies

We included a total of 18 randomised controlled tri-
als [15, 16, 22-37] and 3 retrospective studies [38—40].
Studies were carried out between 2017 and 2024 in
China (n=19), Iran (n=1), and the USA (n=1), involv-
ing 4,389 pregnant women. Only 2 studies [25, 32] pre-
specified patients going through transvaginal delivery as
an inclusion criterion. On the other hand, the rest of the
included studies were meant to investigate the interven-
tion in pregnant women undergoing caesarean section.
Postpartum depression was assessed across all studies
using the Edinburgh postnatal depression scale (EPDS)
with varying follow-up points of postpartum depression
across studies from 1 days to 6 months. A summary of
the included studies is presented in Table 1.

Patients were allocated to either the ketamine/esketa-
mine group or the control group in the included studies.
Regarding the nature of the intervention, fourteen stud-
ies [22-26, 29, 31-34, 36, 37, 39, 40] used esketamine as
the drug of choice in the intervention group, and seven
studies [15, 16, 27, 28, 30, 35, 38] Used ketamine instead.
Varying doses of ketamine/esketamine were adopted in
different studies, ranging from 0.15 ug/kg to 2 mg/kg.
Six studies administrated ketamine/esketamine in the
form of patient-controlled intravenous analgesia (PCIA);
of them, a single study added the epidural route to the
PCIA. The epidural route without PCIA was considered
as a route of administration by Wang W et al., 2024. The
subcutaneous route was adopted only by Monks et al.,
2022. The remaining thirteen studies used intravenous
injection or infusion as the single route of administration
of the desired intervention. The baseline characteristics
of the population are provided in Table 2.

Publication bias was noted in funnel plots of both
short-term and long-term occurrence of depression,
evidenced by their asymmetric pattern. The asymmetric
appearance was also evident in the funnel plots of long-
term EPDS and adverse event dizziness, indicating the
potential presence of unrepresented studies. Funnel plots
are demonstrated in supplementary Fig. (1 A-1D).

Quality assessment

Quality assessment of randomised controlled trials

We used the ROB 2 tool to evaluate the quality of the
randomised controlled trials. Figure 2A and B summarise
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PubMed (n = 394) ] [Scopus (n = 449) ] [Cocnrane CENTRAL (n = 114)] [Web of Science (n = 163)

I |

!

[Records after duplicates removed (n = 901) ]

(n = 901)

Records screened

Records excluded
(n = 862)

Full-text articles excluded, with
reasons (n = 18)

n=1; Commentary

n=1; Letter to the editor
n=1; Protocol with no results
n=1; Not available

n=1; Not written in English

n=1; prediction model

(n=139)

Full-text articles
assessed for eligibility

n=1; retracted paper

n=2; Conference abstracts

n=9; Not our inclusion criteria

(n=21)

Studies included in
evidence synthesis

Fig. 1 Study flow diagram

the quality assessment and risk of bias graph, respec-
tively. Regarding the randomisation process, we judged
all of the included studies as low risk of bias.

In terms of deviations from the intended outcomes,
many studies raised some concerns or were judged as
high risk due to the lack of intention-to-treat analysis
despite losing patients during the follow-up period. How-
ever, the loss did not exceed 5% of the total population
in most of these studies, yielded them raising some con-
cerns in this domain [16, 25, 27, 29, 31-33, 35, 36]. Five
studies [23, 24, 26, 34, 37] They were judged as high risk
because the loss of follow-up exceeded 5%.

Regarding missing outcome data, data were available
for nearly all patients in most studies. Despite the loss of
patients during follow-up and lack of intention-to-treat
analysis in many studies, loss of follow-up did not exceed
5% of the population in most of them. Hence, they were
judged as low risk. Li et al. 2024 [24] Liu QR et al. 2023
[26] and Han et al. 2022 [23] They were judged as high
risk because data were analysed as treated despite the
presence of 8%, 18% and 13% loss of the population dur-
ing follow-up, respectively, with no convincing reasons

regarding most of them. Zhang et al.,, 2021 [37]. raised
some concerns due to the presence of more than 5% loss,
but with accepted reasons.

Measurement of the outcome domain was judged as
low risk in all of the included studies except Alipoor et al.
2021 [15]. Alipoor et al. raised some concerns due to the
absence of information on whether the outcome asses-
sors were blinded or not. However, there is no evidence
to suggest that it impacted the outcome.

In terms of the selection of the reported results, many
studies were judged as low risk due to adherence to a
prespecified protocol and analysis plan. However, eight
studies [23, 24, 26, 27, 29, 32, 34, 36] raised some con-
cerns due to a lack of information regarding the analysis
plan. Wang W et al., 2023 [31]. was judged to have a high
risk of bias as a result of not adhering to their protocol in
some outcomes.

Quality assessment of non-randomized controlled studies
The three included retrospective studies [38—40] were
appraised using the Newcastle-Ottawa Scale (NOS) for
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Table 2 Baseline characteristics of included studies
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Study ID Groups Age (yrs) Baseline BMI (kg/m2) Gestational Weight(kg) Height(cm)
depression age (weeks)
score
Lietal 2024 Esketamine 1.5 mg/kg 28+3.1 3.6+3 _ _ _ _
(24 Control 27.7+48 4421 _ _ _ _
Wang W et al. Esketamine 0.2 mg/kg 27.6%4.3 _ 28.2+4.7 385426 _
2024 [32] Control 28.143.9 _ 27.945.1 388433 _ _
Xuetal. 2024  Esketamine 0.2 mg/kg 303438 _ 28341 _ 7364111 1614444
(34] Control 309438 _ 285439 B 7462115 1614+44
Guoetal.2023  Esketamine 1 mg/kg 28[7] 2+1.1 29[4.9] _ 749493 161[5]
(22] Control 3009] 22413 28.4[6.0] _ 753+104  161[6]
Lingetal. 2023  Esketamine 0.2 mg/kg 28.2+4.8 _ 28.2+4.1 38.8+3.7 67.8+7.1 159.2+6.7
(25] Control 27.8+4.4 _ 27.8+36 39426 66.9+5.9 157.8+6.2
LiuH etal. Low risk IVketamine  30[28.00, 5[3.00,7000  _ _ _ 158.5[155.00,
2023 [38] 0.5 mg/kg 34.00] 162.00]
Control 30.5[28.00, 5.5[4.00, 7.00] _ _ 159[155.00,
34.00] 162.25)
High risk IVketamine  31[28.00, 11[10.00, 13.00] _ _ 160[156.50,
0.5 mg/kg 34.00] 162.00]
Control 32(28.00, 11[9.00, 12.50] _ _ 159[155.50,
35.00] 162.50]
LiuQRet al. IV ketamine 0.25 mg/kg 30.3+4.1 7(4-10) 284437 _ _
2023 [26) Control 29.8+4.2 6(3-9) 287438 _ _ _
Louetal. 2023 IV ketamine overall _ 6.72+2.26 _ _ _ _
(39] 15 ug/kg _ 6.82+2.26 _ _ _ B
30 ug/kg _ 6.66+2.23 _ _ _ B
45 pg/kg _ 6.68+2.25 _ _ _ _
Control _ 6.53+2.34 _ _ _ _
Shen et al. IV Ketamine 0.25 mg/kg 289439 6.8(0-16) 39.1(37-40.86)  69.4+9.6 160.7+4.5
2023 [29] Control 296439 7.34(0-19.1) 39(37.29-41) 689488 159.743.8
Wang W et al. IV Ketamine 0.2 mg/kg 28.3+4.9 269+4.4 387436 65.8+5.9 159.14£7.1
2023 [31] Control 27.9+4.1 _ 276437 391423 66.5+5.8 1576465
Yang SQ et al. IV esketimne 2 mg/kg 31.9439 11(10.0-13.0) 264423 _ _ _
2023 [36] 1 mg/kg 317438 120100-13.0) 272424 _ _ _
Control 322442 123(11.0-13.0)  27.9429 _ _ _
Hanetal. 2022 IV Ketamine 0.5 mg/kg 31.6443.93 6724225 27.08+2.95 _ _
(23] Control 31.85+4.16 6544235 26.89+2.58 _ _
Monks et al. IV Ketamine 0.5 mg/kg 30.144.09 54478 366,06 38+ 1.1 9444124 16245
2022 [28] SC Ketamine 0.5 mg/kg 326+0.95 6.25+6.27 411412 387+ 1.11 11114349 16445
Control 33+6.53 829+4.72 328+7.84 3754076 864419 16343
Wang S et al. IV ketamine 0.5 mg/kg 33+4 12[10-13] 274+4.1 38.7[37.9-394] _ _
2022 130] Control 3545 11110-12] 27.543 39379-39.7]  _ _
Wang W et al. IV ketamine 0.4 mg/kg 27.946.1 _ 27.6%5.7 39.1[38.1-40.6] 66.5+7.8 157.6+6.5
2022 [33] IV Ketamine 0.2 mg/kg 283159 _ 26,9452 303[384-41.2]  658+8.2 159.147.1
IV Ketamine 0.1 mg/kg 288464 _ 269454 39.5[385-40.9] 683472 1567482
Control 291455 _ 27.146.1 394[383-412] 673469 156.8+7.8
WangY et al. Esketamine 0.35 mg/kg 29.5+4 _ _ _ _ _
2022 [40] Control 296246 _ _ _ _ _
Alipoor et al. IV ketamine 0.5 mg/kg 274+4.09 13.78+3.87 _ _ _
2021 115] Control 28.24+4.81 13.79+4.78 _ _ _
Zhang et al. IV Ketamine 0.15mg/kg 32845 29423 39.1+09 69.747.5 162.8+4.9
2021 [37] Control 316433 35425 389+1.1 714489 161+4.2
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Table 2 (continued)

Study ID Groups Age (yrs) Baseline BMI (kg/m2) Gestational Weight(kg) Height(cm)
depression age (weeks)
score

Yao etal. 2020 IV ketamine 0.25 mg/ kg 30+4 _ 29+3 38.57+1.29 _ _

[16]

Control 3043 _ 2843 38434157 _ _

Ma et al. 2019 IV ketamine 0.5 mg/kg _ 275431 _ _ _

(271 Control _ 204266  _ _ _

Xuetal. 2017 IV ketamine 0.25 mg/ kg 3144 _ 2743 39+1.57 _ _

35] Control 3244 28+3 38.86+1.29

non-randomized controlled studies. All of the three stud-
ies were considered of good quality. A summary of NOS
scores is illustrated in supplementary Table 3.

Outcomes

Occurrence of PPD

Pooled analysis of 12 studies reporting short-term PPD
[16, 23, 25-27, 29, 31-36] and 15 studies reporting long-
term PPD [16, 23-27, 29, 31-36, 38] demonstrated a
significant reduction in both short-term and long-term
PPD incidence in the ketamine-esketamine (Ket-esket)
group compared to the control group (short-term PPD:
RR=0.48, 95% CI [0.35, 0.67], P<0.0001; long-term PPD:
RR=0.57, 95% CI [0.44, 0.74], P<0.0001). Pooled stud-
ies were not homogenous in either of the meta-analysis
models (short-term PPD: I* =60%, P=0.004; long-term
PPD I* =60%, P=0.002) (Fig. 3A and B) (Table 3). Het-
erogeneity was not resolved in either of the two analyses
by excluding any study from the meta-analysis model.

Our subgroup analysis based on the nature of inter-
vention concluded a significant difference between keta-
mine and esketamine subgroups with a p-value of 0.01
in short-term PPD (ketamine: RR=0.72, 95% CI [0.56,
0.93], P=0.01; esketamine: RR=0.38, 95% CI [0.25, 0.57],
P<0.00001). Heterogeneity was resolved in the ketamine
subgroup, but pooled studies in the esketamine subgroup
remained heterogeneous (ketamine: I* =19%, P=0.29;
esketamine: I* =45%, P=0.07). However, heterogeneity
was resolved in the esketamine subgroup after leaving
out Wang W et al. 2022 (I* =28%, P=0.21), and the effect
estimate of the subgroup favoured the esketamine group
(RR=0.43, 95% CI [0.30. 0.63], P<0.0001) (Fig. 4A)
(Table 3).

Additionally, the Subgroup analysis based on the
mode of delivery in the short-term PPD is presented in
Fig. 4B; Table 3. The estimates of the caesarean section
subgroup favoured the Ket-esket group over the control
group (RR=0.52, 95% CI [0.37, 0.72]) in the occurrence
of short-term PPD. However, heterogeneity remained

unresolved in the caesarean section subgroup even after
conducting a leave-one-out test.

Also, subgrouping based on the nature of interven-
tion in long-term PPD concluded no significant differ-
ence between ketamine and esketamine subgroups, but
the pooled risk ratio in the ketamine subgroup did not
favour either ketamine or control (ketamine: RR=0.72,
95% CI [0.48, 1.09], P=0.12; esketamine: RR=0.48, 95%
CI[0.35, 0.67], P<0.0001). Heterogeneity remained unre-
solved in both subgroups (ketamine: I* =71%, P=0.008;
esketamine I =45%, P=0.06) (Fig. 3D) (Table 3). Leave-
one-out test resolved heterogeneity in each subgroup
separately after the exclusion of Liu H et al. 2023 and Han
et al. 2022 from ketamine and esketamine subgroups,
respectively (Ketamine: I* =40%, P=0.17; esketamine: I*
=24%, P=0.23) Fig. (5 A). Effect estimates are reported in
the analysis summary in Table 3.

Additionally, the subgroup analysis is based on the
long-term mode of delivery, as presented in Fig. 5B;
Table 3. The estimates of the caesarean section subgroup
favoured the Ket-esket group over the control (RR=0.60,
95% CI [0.46, 0.79], P=0.002) long-term PPD. However,
heterogeneity remained unresolved in the caesarean sec-
tion subgroup even after conducting a leave-one-out test.

A subgroup analysis based on intervention dose con-
cluded the efficacy of high dose subgroup (0.5 mg/kg
or more) and low dose subgroup (less than 0.5 mg/kg)
in short-term PPD. (high dose: RR=0.48, 95% CI [0.32,
0.73], P=0.0005; low dose: RR=0.46, 95% CI [0.28, 0.76],
P=0.002). Heterogeneity was resolved in the high-dose
subgroup but remained unresolved in the low-dose sub-
group (high dose: I =45%, P=0.14; low dose: I* =67%,
P=0.004). Heterogeneity was not resolved in the low-
dose subgroup after removing a single study in each sce-
nario (Fig. 6A) (Table 3). The subgroup analysis is based
on the short-term administration route and is presented
in Fig. 6B; Table 3. The heterogeneity was resolved in the
PCIA subgroup after excluding Wang W et al., 2022 from
the subgroup (I =31%, P=0.23). However, the effect esti-
mate did not favour either of the two groups in the PCIA
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(A) Ket-esket Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Huetal 2017 41 162 46 163 141% 0.80[0.63,1.29) 2017 —=r—
Maetal 2019 39 327 60 327 140% 0.65[0.45,0.94) 2019 —
Yaoetal. 2020 20 153 35 155 121% 0.58[0.35,0.96) 2020 —
¥Wang Wetal 2022 5 117 12 3% 67% 014[0.05,037) 2022 ————
Hanetal. 2022 10 122 27 153 97% 0.46[0.23,0.92) 2022 ——
WangWetal 2023 2 58 9 57 37% 0.22[0.05,0.97) 2023
Yang SQ etal. 2023 18 198 29 97 11.7% 0.30[0.18,0.52) 2023 ——
Liu QR et al. 2023 4 B2 6 61 50% 066[0.19,2.21] 2023 =1
Ling etal. 2023 2 58 9 53 37% 0.23[0.05,1.00) 2023
Shenetal. 2023 4 102 2 100 31% 1.96 [0.37,10.47) 2023
Xuetal 2024 22 159 37 160 125% 0.60[0.37,0.97) 2024 —
YWangWetal 2024 2 59 10 58 38% 0.20[0.05,0.86) 2024
Total (95% CI) 1577 1429 100.0% 0.48 [0.35, 0.67] <
Total events 169 282
Heterogeneity. Tau*= 0.16; Chi*= 27.56, df= 11 (P = 0.004); F=60% 0?05 042 é 2?0
Test for overall effect: Z=4.39 (P < 0.0001) " Favours Ket-esket Favours Control
(B) Ket-esket Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Xuetal 2024 27 159 40 160 85% 0.68[0.44,1.05 2024 ——T
Lietal. 2024 13 124 27 122 76% 0.47[0.26,0.87) 2024
WangWetal 2024 3 59 12 58 34% 0.25[0.07,0.83) 2024
Yang SQ etal. 2023 23 198 27 97 88% 0.42[0.25,0.69) 2023 —
LiuHetal. 2023 13 163 40 163 78% 0.33[0.18,0.58] 2023 —_—
Ling etal. 2023 3 58 1" 59 34% 0.28[0.08,0.94] 2023 —_—
Liu QR et al. 2023 5 B2 8 61 42% 0.61[0.21,1.77) 2023 —
Shenetal. 2023 2 102 1 100 11% 1.96(0.18, 21.28] 2023
WangWetal 2023 3 58 1 57 34% 0.27[0.08,0.91] 2023 ——
¥Wang S etal. 2022 18 32 14 32 88% 1.29[0.78,2.11]) 2022 —e—
YWang Wetal. 2022 10 117 14 3% 65% 0.24[0.12,0.49) 2022 —
Hanetal. 2022 21 122 29 153 87% 0.91[0.55,1.51] 2022 —
Yao etal. 2020 16 153 22 155 76% 0.74[0.40,1.35) 2020 S
Maetal 2019 42 327 64 327 104% 0.66[0.46,0.94) 2019 —
Xuetal 2017 26 162 29 163 8.0% 0.90[0.56,1.46) 2017 —=r—
Total (95% CI) 1896 1746 100.0% 0.57 [0.44,0.74] <
Total events 225 349
Heterogeneity. Tau®=0.14; Chi*= 34.68, df=14 (P = 0.002), F=60% 005 02 : 20

Test for overall effect: Z=4.19 (P < 0.0001)

Favours Ket-esket Favours Control

Fig. 3 Forest plot of (A) short-term occurrence of PPD, (B)long-term occurrence of PPD

subgroup (RR=0.71, 95% [0.46, 1.11], P=0.14). Hetero-
geneity remained high in the rest of the subgroups.

Also, subgrouping based on dose in long-term PPD
concluded no significant difference between high-dose
and low-dose subgroups (high dose: RR=0.62, 95% CI
[0.44, 0.88], P=0.008; low dose: RR=0.51, 95% CI [0.33,
0.78], P=0.002). Heterogeneity remained unresolved in
both subgroups (high dose: I* =69%, P=0.004; low dose:
I* =56%, P=0.03). However, heterogeneity was resolved
in both high-dose and low-dose subgroups after exclud-
ing Wang S et al.,, 2022 and Wang W et al,, 2022 from
each subgroup respectively (high dose: I* =45%, P=0.10;
low dose: 1> =35%, P=0.16) (Fig. 7A) (Table 3). The sub-
group analysis is based on the long-term administration

route and is presented in Fig. (7B) and Table 3. The heter-
ogeneity was resolved in both intravenous and PCIA sub-
groups after the exclusion of Wang S et al.,, 2022 and Han
et al,, 2022, respectively (intravenous: I* =22%, P=0.27;
PCIA: I =0%, P=0.56). The effect estimates favoured
the ket-esket group over the control in both subgroups
(intravenous: RR=0.68, CI [0.49, 0.95], P=0.02); PCIA:
RR=0.39, CI [0.30, 0.51], P<0.00001).

To explore sources of heterogeneity, meta-regression
was performed regarding both patients’ ages and keta-
mine/esketamine doses. Meta-regression indicated
no significant correlation between short-term PPD
and age (P=0.102) or dose of intervention (P=0.447).
Also, a regression model indicated no significant
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(A) Ket-esket Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Evenis Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
(1)  HKelarnine
Yao et al 2020 20 153 35 155 134% 0.58[0.35,086] 2020 1
Ma etal 2018 38 327 B0 327 165% 06510.45084] 2018 e
Huetal 2017 41 162 46 163 168% 080[0.63,1.29] 217 e
Subtetal (95% CI) 642 645 46.7% 0.72 [0.56, 0.93] s
Total 2vents 100 141
Heterngeneity Tau®=0.01; ChF=2.45,df=2 (P=0.29), F=19%
Testforoverall effect: 2= 251 (FP=0.01)
(2) Esketamine
WangWy et al 2024 2 58 10 58 32% 0.20[0.05,0.86] 2024 - &
Huetal 2024 22 159 37 160 139% 060[D.37,0.97] 2024 ==
Shenetal 2023 4 102 2 100 26% 1.96 [0.37, 10.47] 2023
Wang Vet al. 2023 2 a8 g o7 3.2% 0.22[0.05,097] 2023
Yang S0 etal 2023 18 1898 29 87 127% 030[018,052) 2023 —
Ling et al. 2023 2 58 9 53 32% 0.23[0.05,1.000 2023 S R
Liu QR et al. 2023 4 B2 B Bl 45% 066[0.158,2.21] 2023 I
Hanetal 2022 10 122 27 153 99% 0.46[0.23,082) 2022 _—s
Wang W etal 2027 & 117 17 39 Nnt estimahle 2027
Subtatal (95% CI) 818 745 53.3% 0.43 [0.30, 0.63] R
Total 2vents 64 129
Helerogeneily, Tau®= 0,07, Ch7= 9.68,Ur=7 (P=0.21), = 28%
Testfor overall effect: 2=4 .39 (F = 0.0001)
Total [95% CI) 1460 1390 100.0% 0.54 [0.41,0.72] £ -3
Total avents 164 270
Heterogeneity Tau®= 0.09; Ch®@= 19.26, df= 10 (P = 0.04); F= 42% DES 042 ;5 210
Testforoverall effect Z=418 (P = 0.0001) ’ Favo;ré Ket-esket Favours Control
Testfor subgroup differences: Chi*= 485, dfi=1 (P=0.03), F=T9.4%
(B) Het-eshket Control Risk Ratio Risk Ratio
Study or Subgroup  Bvents Total Bvenis Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
(1) Cesarean section
Huetal 2024 22 159 37 160 125% 060[D.37,087] 2024 L
Liu QR et al. 2023 4 B2 B B1 50% 066[0.19,2.21] 2023 P
WeangWetal 2022 2 58 g 57 37% 0.22[0.05,097] 2023 —
Yang S0 etal 2023 18 1898 29 87 117% 030[018,052) 2023 ——
Shenetal 2023 4 102 2 100 31% 1.96 [0.37, 10.47) 2023
Har el @l 2022 10 122 27 153 9.7% 0.46[0.23,092] 2022 =
WangWetal 2022 5 117 12 33 67% 0.14[0.05,0.37] 2022 e
Yao et al. 2020 20 153 35 155 121% 0.58[0.35,0.96] 2020 —=—]
Ma etal 2018 35 327 B0 327 140% 065[0.45084] 2019 —
Huetal 2017 41 162 46 163 141% 090[0.63,1.29] 2017 -
Subtatal (95% 1) 1460 1312 972.5% 052 [0.37,0.72] E
Total 2vents 165 263
Heterngeneity Tau®=0.15;, Ch®=23.84 df=9 (P = 0.004); F= 2%
Testioroverall effect: Z= 3.89(F =< 0.0001)
(2) Transvaginal delivery
WangWyetal 2024 2 58 10 58 38% 0.20[0.05,0.86] 2024 —
Ling etal. 2023 2 58 9 53 3I7% 0.23[0.05,1.00] 2023 —e |
Subtatal (95% C1) 117 117  75% 0.21 [0.07, 0.60] R
Total 2vents 4 19
Heterngeneity Tau®=0.00; Ch#=0.02,df=1 {F =0.90), F= 0%
lestior overall efrect: £= 241 (F=U.UU4)
Total (95% CI) 1577 1429 100.0% 0.48 [0.35, 0.67] &
Total 2vents 169 282
Heterngeneity Tau®=0.16; Ch®= 27.56, df=11 (F = 0.004), F=60% o0 01 10 100

Testfor overall effect: Z= 429" < 0.0001)

Testfor suboroup differences: Chi*= 260, di=1 F=011) F=615%

Fig. 4 Forest plot of (A) subgroup analysis according to the nature of drug for the short-term occurrence of PPD, (B) subgroup analysis according
to the mode of delivery for the short-term occurrence of PPD

Favours Ket-esket Favours Control
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(A) Ket-esket Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
(1) Ketamine

LiuHetal. 2023 13 163 40 163 Notestimable 2023

Wang S etal. 2022 18 32 14 32 106% 1.29(0.78,2.11) 2022 ] =

Yao etal. 2020 16 153 22 155 9.2% 0.74[0.40,1.35] 2020 —

Maetal 2018 42 327 64 327 126% 0.66[0.46,0.94] 2019 =

Xuetal 2017 26 162 29 163 108% 0.90[0.56,1.46] 2017 B

Subtotal (95% CI) 674 677 43.1% 0.85[0.62, 1.15] &

Total events 102 129

Heterogenelity. Tau*=0.04, Ch*=502,df=3 (P=0.17),I*= 40%
Test for overall effect: Z=1.05 (P = 0.30)

(2) Esketamine

Xu etal 2024 27 159 40 160 11.5% 068[0.44,1.05] 2024 =
Lietal 2024 13 124 27 122 9.0% 0.47(0.26,0.87) 2024 —
Wang W etal. 2024 3 59 12 58 40% 0.25[0.07,0.83] 2024 ——
LiuGRetal. 2023 5 62 8 61 49% 0.61(0.21,1.77) 2023 —_—1
Shenetal. 2023 2 102 1 100 13% 1.96[0.18,21.28) 2023

Wang Wetal. 2023 3 58 " 57  40% 0.27(0.08,0.91) 2023 _—
Yang SQ etal. 2023 23 198 27 97 105% 0.42[0.25,069] 2023 -
Ling etal. 2023 3 58 " 59  40% 0.28(0.08,0.94] 2023

Hanetal. 2022 21 122 29 153 Notestimable 2022

Wang W etal. 2022 10 117 14 39 77% 0.24[0.12,0.49] 2022 ——
Subtotal (95% CI) 937 753  56.9% 0.44[0.32,0.59] &
Total events 89 151

Heterogeneity. Tau*= 0.05, Chi*=10.52, df= 8 (P = 0.23), F= 24%
Test for overall effect: Z=5.37 (P < 0.00001)

Total (95% CI) 1611 1430 100.0% 0.57 [0.43,0.76] >
Total events 191 280

Heterogeneity: Tau®= 0.13; Chi*= 27.76, df= 12 (P = 0.008); F=57% 0502 031 1:0 530
Test for overall effect: Z= 3.86 (P = 0.0001) : Favodrs Ket-esket Favours Control
Testfor subaroup differences: Chi*= 919, df=1 (P=0.002). F=891%

(B) Ket.esket Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
(1) Cesarean section

Xuetal 2024 27 159 40 160 95% 0.68[0.44,1.05] 2024 =]

Lietal 2024 13 124 27 122 76% 0.47[0.26,0.87] 2024 =

LiuHetal 2023 13 163 40 163 78% 0.33[0.18,0.58] 2023 S

Liu QR et al. 2023 5 62 8 61 42% 0.61[0.21,1.77) 2023 ==

Shenetal. 2023 2 102 1 100 11% 1.96(0.18,21.28) 2023

Wang W etal. 2023 3 58 1 57 34% 0.27[0.08,0.91] 2023 —

Yang SQ etal. 2023 23 198 27 97 88% 0.42[0.25,069] 2023 ——

Han et al. 2022 21 122 29 153 87% 0.91[0.55,1.51] 2022 —

Wang S etal. 2022 18 32 14 32 88% 1.29(0.78,2.11) 2022 o

Wang W et al. 2022 10 117 14 39 65% 0.24[0.12,0.49] 2022 —

Yao et al. 2020 16 153 22 155 76% 0.74[0.40,1.35] 2020 ==l

Ma etal 2019 42 327 64 327 104% 0.66 [0.46,0.94) 2019 =

Xuetal 2017 26 162 29 163 9.0% 0.90[0.56,1.46] 2017 ==

Subtotal (95% CI) 1779 1629 93.2% 0.60 [0.46, 0.79] L J

Total events 219 326

Heterogeneity: Tau*= 0.13; Chi*= 30.56, df=12 (P = 0.002), F=61%
Test for overall effect: Z= 3.70 (P = 0.0002)

(2) Transvaginal delivery

Wang W et al. 2024 3 59 12 58 34% 0.25[0.07,0.83] 2024 E——

Ling et al, 2023 3 58 " 59  34% 0.28[0.08,0.94) 2023 S S

Subtotal (95% CI) 17 117  6.8% 0.26 [0.11,0.62] -

Total events 6 23

Heterogeneity. Tau*= 0.00; Chi*= 0.02, df=1 (P = 0.89), I*= 0%

Test for overall effect: Z= 3.06 (P = 0.002)

Total (95% CI) 1896 1746 100.0% 0.57 [0.44,0.74] -3

Total events 225 349

Heterogeneity. Tau*=0.14; Chi*= 34.68, df= 14 (P =0.002), F=60% oo o1 i 100

Testfor overall effect: Z=4.19 (P < 0.0001)
Test for subaroup differences: Chi*=3.33.df=1 (P=0.07). F=70.0%

Fig.5 Forest plot of (A) subgroup analysis according to the nature of drug for the long-term occurrence of PPD, (B) subgroup analysis according
to the mode of delivery for the long-term occurrence of PPD
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(A) Ket-esket Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
(1) 0.5 mgkg or more
Liu QR et al. 2023 4 62 6 61 95% 0.66[0.19,2.21] 2023 — 1
Yang SQ etal. 2023 18 198 239 97 29.2% 0.30[0.18,0.52] 2023 ——
Han etal. 2022 10 122 27 153 221% 0.46[0.23,0.92] 2022 —
Maetal 2019 39 327 60 327 39.2% 0.65[0.45,0.94] 2018 —
Subtotal (95% CI) 709 638 100.0% 0.48[0.32,0.73] -4
Total events " 122
Heterogeneity. Tau*=0.08; Chi*=545,df=3(P=0.14), F= 45%
Test for overall effect: Z= 3.46 (P = 0.0005)
(2) less than 0.5 mgkg
Wang W etal. 2024 2 59 10 58 7.6% 0.20[0.05,0.86] 2024 ——
Xuetal 2024 22 159 37 160 19.2% 0.60([0.37,0.97] 2024 =
Shenetal. 2023 4 102 2 100 6.3% 1.96(0.37,10.47) 2023 ——p—e——
WangWetal 2023 2 58 9 57 75% 0.22[0.05,0.97] 2023 —_—
Ling etal. 2023 2 58 9 59 75% 0.23[0.05,1.00) 2023 —_—
Wang W et al. 2022 5 117 12 39 122% 0.14[0.05,0.37] 2022 —
Yao etal. 2020 20 153 35 155 189% 0.58[0.35,0.96] 2020 —=
Xuetal 2017 41 162 46 163 209% 0.90([0.63,1.29] 2017 ==
Subtotal (95% CI) 868 791 100.0% 0.46 [0.28, 0.76] B
Total events 98 160
Heterogeneity. Tau*= 0.27; Chi*= 21.15,df= 7 (P = 0.004); F=67%
Test for overall effect: Z= 3.07 (P =0.002)
0.01 0.1 10 100
) Favours Ket-esket Favours Control
Test for subaroup differences: Chi*=0.02, df=1 (P=0.89), F=0%
(B) Ket-esket Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
(1) Intravenous
Xu etal. 2024 22 158 37 160 242% 0.60[0.37,0.97] 2024 —
Shenetal. 2023 4 102 2 100 78% 1.96[0.37,10.47] 2023 —
Wang W etal. 2023 2 58 9 57 93% 0.22[0.05,0.97] 2023 =
Ling etal. 2023 2 58 9 59 93% 0.23[0.05,1.00] 2023 —
Yaoetal. 2020 18 198 29 97 231% 0.30[0.18,0.52] 2020 —
Xuetal 2017 41 162 46 163 26.3% 0.90[0.63,1.29] 2017 —-
Subtotal (95% CI) 737 636 100.0% 0.520.30, 0.90] @
Total events 89 132
Heterogeneity: Tau*= 0.26; Chi*= 16.39, df= 5 (P = 0.006), F= 69%
Test for overall effect Z=2.35 (P=0.02)
(2)pcia
Liu QR et al. 2023 4 62 6 61 11.8% 0.66[0.19,2.21] 2023 —l
Yang SQ etal. 2023 41 162 46 163 58.0% 0.90(0.63,1.29] 2023 E o
Wang W etal. 2022 5 117 12 39 Not estimable 2022
Han etal. 2022 10 122 27 153 293% 0.46[0.23,0.92] 2022 ——
Subtotal (95% CI) 346 377 100.0% 0.71[0.46, 1.11] <>
Total events 55 79
Heterogeneity: Tau®*= 0.05; Chi*=2.90,df=2 (P=0.23); F=31%
Test for overall effect Z=1.49 (P=0.14)
(3) Epidural
Wang W et al. 2024 2 58 9 57 1000% 0.22(0.05,0.97] 2024 t
Subtotal (95% CI) 58 57 100.0% 0.22[0.05, 0.97]
Total events 2 9
Heterogeneity: Not applicable
Test for overall effect: Z= 2.00 (P = 0.05)
(4)Epidural + PCIA
Maetal 2019 39 327 60 327 100.0% 0.65(0.45,0.94] 2019 !‘
Subtotal (95% CI) 327 327 100.0% 0.65[0.45, 0.94]
Total events 39 60
Heterogeneity: Not applicable
Test for overall effect Z=2.26 (P=0.02)
0.01 01 10 100

Test for subaroup differences: Chi*=2.73. df=3(P=0.43). F=0%

Fig. 6 Forest plot of (A) subgroup analysis according to the dose of the drug for the short-term occurrence of PPD, (B) subgroup analysis according
to the route of administration for the short-term occurrence of PPD
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(A) Ket-esket Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI_ Year M-H, Random, 95% CI

(1) 0.5 mgkg or more
Lietal 2024 13 124 27 122 140% 0.47[0.26,087] 2024 —
Yang SQ etal 2023 23 198 27 97 17.8% 0.42(0.25,069) 2023 ——
Liu QR et al. 2023 5 62 8 61 6.2% 0.61[0.21,1.77) 2023 —r
Liu H etal. 2023 22 302 116 597 205% 0.37 [0.24,0.58) 2023 o
Han et al. 2022 21 122 29 153 175% 0.91 [0.55,1.51]) 2022 —
Wang S etal. 2022 18 32 14 32 Not estimable 2022
Ma etal 2019 42 327 64 327 241% 066 [0.46,094) 2019 -
Subtotal (95% CI) 1135 1357 100.0% 0.54[0.41,0.72] @
Total events 126 27
Heterogeneity: Tau®= 0.06, Chi*=9.16,df=5 (P =0.10), I"= 45%
Testfor overall effect: Z= 415 (P < 0.0001)

(2) Less than 0.5 mgkg
Xu etal 2024 27 159 40 160 281% 0.68 (0.44,1.05) 2024 —-—
Wang Wetal 2024 3 59 12 58 7.8% 0.25[0.07,0.83) 2024 e
Shen etal. 2023 2 102 1 100 23% 1.96[0.18, 21.28] 2023
Wang Wetal 2023 3 58 1" 57 7.7% 0.27(0.08,0.91) 2023 —
Ling et al. 2023 3 58 1" 59 7.7% 0.28(0.08,0.94) 2023 e —
Wang Wetal 2022 10 117 14 39 Not estimable 2022
Yao et al. 2020 16 153 22 155 20.7% 0.74 [0.40,1.35) 2020 —r
Xuetal 2017 26 162 29 163 258% 0.90[0.56, 1.46]) 2017 ——
Subtotal (95% CI) 751 752 100.0% 0.61[0.42, 0.89] RS
Total events 80 126
Heterogeneity: Tau?= 0.08, Chi*= 922, df=6 (P = 0.16), I"= 35%
Test for overall effect: Z= 2.59 (P = 0.009)

0.01 0.1 10 100
Testfor subaroup differences: Chi*= 0.24, df=1 (P =0862), = 0% FIBHENIIPERSL FSROSE St
(B) Ket-esket Control Risk Ratio Risk Ratio
Events Total Events Total Weight M-H, Random, 95% Cl _ Year M-H., Random, 95% CI

(1) WIntravenous
Xuetal 2024 27 159 40 160 332% 068 (044,105 2024 —-—
Ling etal. 2023 3 58 11 59 68% 0.28[0.08,094) 2023
Shen etal 2023 2 102 1 100 19% 1.96 [0.18, 21.28] 2023
Wang Wetal 2023 3 58 11 57 68% 0.27(008,091) 2023 ——
Wang S etal 2022 18 az 14 32 Not estimable 2022
Yao et al. 2020 16 153 22 155 218% 0.74(0.40,1.35) 2020 s——r
Xuetal 2017 26 162 29 163 295% 090 [056,1.46]) 2017 —.—
Subtotal (95% CI) 692 694 100.0% 0.68 [0.49, 0.95) =
Total events 77 114
Heterogenelty: Tau*= 004, Chi*=6.43, dr=5(P=0.27), = 22%
Testfor overall effect Z= 228 (P=0.02)

(2) PCA
Lietal. 2024 13 124 27 122 181% 0.47[0.26,0.87] 2024 ——
Yang SQ et al. 2023 23 198 27 97 27T1% 0.42([0.25,069] 2023 —_—e
Liu H etal. 2023 22 302 116 597 36.0% 0.37[0.24,058] 2023 -
Liu QR etal. 2023 5 62 8 61 6.0% 0.61[0.21,1.77] 2023 =i
Wang Wetal. 2022 10 117 14 39 129% 0.24[0.12,0.49] 2022 ——
Han etal. 2022 21 122 29 153 Not estimable 2022
Subtotal (95% C1) 803 916 100.0% 0.39 [0.30, 0.51) -3
Total events 73 192
Heterogeneity. Tau®= 0.00, Chi*= 2.97,dr= 4 (P = 0.56), F= 0%
Testfor overall effect. Z= 7.06 (P < 0.00001)

(3) Epidural
Wang W et al. 2024 3 59 12 58 100.0% 0.25[0.07,0.83] 2024 t
Subtotal (95% CI) 59 58 100.0% 0.25[0.07,0.83)
Total events 3 12
Heterogeneity. Not applicable
Testfor overall effect Z= 2.27 (P = 0.02)

(4) Epidural « PCIA
Ma et al. 2019 42 327 64 327 100.0% 0.86 [0.46,0.94] 2019 !
Subtotal (95% CI) 327 327 100.0% 0.66 [0.46, 0.94]
Total events 42 64
Heterogeneity: Not applicable
Test for overall effect Z= 231 (P=0.02)
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Fig. 7 Forest plot of (A) subgroup analysis according to the dose of the drug for the long-term occurrence of PPD, (B) subgroup analysis according

to the route of administration for the long-term occurrence of PPD
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correlation between long-term PPD and intervention
dose (P=0.673). In contrast, a significant positive corre-
lation between long-term PPD and age was identified in a
regression model (P=0.002, p=0.242).

EPDS
Regarding short-term EPDS, A total of nine studies
[16, 22, 23, 27, 28, 35, 37, 39, 40] were analysed in this
outcome. The overall mean difference favoured the
ketamine/esketamine group over the control group
(MD=-0.98, 95% CI [~1.36, —0.59], P<0.00001). Heter-
ogeneity was high (P=0.002, I> =67%) between studies.
Sensitivity analysis did not resolve heterogeneity between
the pooled studies (supplementary Fig. 2A) (Table 3).
Concerning long-term EPDS, Pooling results from
ten studies [15, 16, 22-24, 27, 28, 35, 39, 40] favoured
the ketamine/esketamine group over the control group
(MD=-1.03, 95% CI [-1.62, —0.46], P=0.0005). High
heterogeneity was observed between pooled studies
(P<0.00001, I’=87%). Heterogeneity remained unre-
solved after removing a single study in multiple scenarios
(supplementary Fig. 2B) (Table 3).

Short-term EPDS

In a subgroup analysis for short-term EPSD based on
nature of intervention, heterogeneity remained high in
both ketamine and esketamine subgroups (ketamine:
P=0.002, I* =80%); esketamine: P=0.002, I* =67 with no
significant difference between the two subgroups (keta-
mine: MD=-1.04, 95% CI [-1.93, —0.16], P=0.02; esket-
amine: MD=-0.99, 95% CI [-1.36, —0.58], P<0.00001).
However, heterogeneity was resolved in both subgroups
after excluding Monks et al. 2022 and Han et al. 2022
from the ketamine and esketamine subgroups, respec-
tively (Ketamine: I* =26%, P=0.26; esketamine: I* =1%,
P=0.39). The overall mean difference favoured ketamine
or esketamine in both subgroups. Effect estimates are
reported in supplementary Fig. 3A and Table 3.

Another subgrouping for short-term EPSD based on
intervention dose was conducted and concluded effi-
cacy in reducing EPDS scores for both high dose and low
dose subgroups (high dose: MD= —1.44, 95% CI [-2.26,
—0.62], P=0.0005; low dose: MD=-0.71, 95% CI [—1.05,
—0.37], P<0.0001). Heterogeneity was resolved in the
low-dose subgroup (P=0.22, I* =30%). However, stud-
ies in the high-dose subgroup remained heterogeneous
(P=0.001, I> =81%) even after conducting the leave-one-
out tests in the high-dose group separately. Effect esti-
mates are reported in supplementary Fig. 3B and Table 3.

Additionally, a subgroup analysis was conducted for
short-term EPSD based on the route of administration.
Heterogeneity remained high among subgroups of dif-
ferent routes of administration. However, heterogeneity
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was resolved in the intravenous route subgroup after
excluding Monks et al., 2022 from the subgroup (I*=48%,
P=0.13). Different routes of administration significantly
favoured the ketamine/esketamine group over the con-
trol group. Effect estimates are reported in supplemen-
tary Fig. 3C and Table 3.

Six studies were included in this meta-analysis model
regarding the change from baseline in short-term EPDS.
The overall mean difference favoured the intervention
group over the control group (MD=-1.21, 95% CI [-2.31,
—0.29], P=0.01. Heterogeneity was high (P=0.0002, I*
=80%) between studies. Heterogeneity was not resolved
after removing a single study from the meta-analysis
model in multiple scenarios. Results of a subgroup analy-
sis based on the nature of the intervention are presented
in supplementary Fig. (4 A-B) and Table 3.

Long-term EPDS

An insignificant difference between ketamine and esket-
amine subgroups was concluded in a subgroup analy-
sis based on the nature of the intervention (ketamine:
MD=-1.45, 95% CI [-2.62, —028], P=0.02; esketamine:
MD=-0.87, 95% CI [-1.58, —0.17], P=0.02). Heteroge-
neity remained unresolved in both subgroups (ketamine:
P<0.00001, I°’=88%; esketamine: P<0.00001, I* =87%).
Effect estimates are reported in supplementary Fig. 5A
and Table 3.

Our subgroup analysis based on intervention dose
concluded efficacy for both high-dose and low-dose sub-
groups in lowering long-term EPDS scores (high dose:
MD=-1.60, 95% CI [-2.66, —0.54], P=0.003; low dose:
MD=-0.55, 95% CI [-1.02, —0.08], P=0.02). Pooled
studies remained heterogeneous in both subgroups
(high dose: P<0.00001, I* =92%; low dose: P=0.06, I*
=60%). However, heterogeneity was resolved in the low-
dose group after excluding Wang Y et al. 2022 from the
subgroup (I* =0%, P=0.46). Leave-one-out test did not
resolve heterogeneity in the high-dose subgroup. Effect
estimates are reported in supplementary Fig. 5B and
Table 3.

Additional subgroup analysis was conducted based
on the route of administration. Heterogeneity was not
resolved among subgroups of different routes of admin-
istration. Different routes of administration significantly
favoured the ketamine/esketamine group; estimates and
P values are reported in supplementary Fig. (5 C) and
Table 3.

Seven studies were pooled in this meta-analysis
model regarding the change from baseline in long-term
EPDS. The overall estimate of pooled studies favoured
the ketamine/esketamine group over the control group
(MD=-0.86, 95% CI [-1.47, —0.26], P=0.005). Pooled
studies were not homogenous (P=0.02, I* =62%).
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Heterogeneity was best resolved after omitting Guo
et al., 2023 from the meta-analysis model (P=0.31, I?
=16%). The overall estimate after removing Guo et al.,
2023 still favoured the intervention group (MD=-1.07,
95% CI [-1.53, —0.61], P<0.00001). A subgroup
analysis based on the nature of the intervention was
conducted, and results are demonstrated in supple-
mentary Fig. (6 A-B) and Table 3.

Pain score

The standardised mean difference was adopted as an
estimate in two pooling analyses of day 1 and day 2-3
pain scores. The overall estimate of the two pooling
analyses favoured ketamine/esketamine over the con-
trol group (day 1 pain: SMD=-1.15, 95% CI [-1.69,
—0.62], P<0.0001; day 2-3 pain: SMD=-1.31, 95% CI
[-1.87, —0.75], P<0.00001]. Both meta-analysis mod-
els had high heterogeneity (P <0.00001, I* =96%).

Heterogeneity remained unresolved in esketamine
subgroups after a subgroup analysis based on the
nature of intervention of both analyses. However, it
was resolved in the ketamine subgroup of day 2-3 pain
score with two studies only in the subgroup.

In the day 1 pain score, heterogeneity was resolved
in the high-dose group (P=0.16, I> =42%). In contrast,
heterogeneity remained high in the low-dose subgroup
(P<0.00002, I* =98%). Studies in the pain score for
days 2-3 remained heterogeneous in both high-dose
and low-dose subgroups.

A subgroup analysis was conducted based on routes
of administration in both day 1 and day 2-3 pain
scores. Heterogeneity remained unresolved in differ-
ent routes of administration in both analyses. How-
ever, heterogeneity was resolved in PCIA subgroups
of both day 1 and day 2-3 pain after removing Li et al.
2024 and Guo et al. 2023, respectively. Intravenous
and PCIA routes significantly favoured the ketamine/
esketamine group over the control group. In contrast,
the subcutaneous route subgroup incorporating only
Monks et al. 2022 favoured the control group over the
ketamine/esketamine group in the day 1 pain score but
did not favour either of the two groups in the day 2-3
pain score.

Additional subgroup analysis was conducted based on
the mode of delivery in day 1 pain score. All included
studies in the meta-analysis model of day 2-3 pain
scores were meant to investigate patients who under-
went caesarean section. The estimate of the caesarean
section subgroup significantly favoured the ketamine/
esketamine group over the control group (MD=-1.16,
95% CI [-1.74, —0.58], P<0.0001), and heterogeneity
remained unresolved in the subgroup (P<0.00001, I?
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=96%). Results are demonstrated in Table 3 and supple-
mentary Figs. (7-9).

Side effects

Dizziness

Dizziness as a side effect was reported in 14 studies [16,
22-24, 26-31, 34, 35, 37, 40]. The overall risk ratio (RR)
favoured the control group over the ketamine group
(RR 1.90, 95% CI [1.28, 2.28], P=0.001). Pooled studies
were not homogenous (P=0.008, I =54%). A sensitivity
analysis was conducted in order to solve heterogeneity by
excluding one study in each scenario. Heterogeneity was
best resolved by excluding the study of Shen et al., 2023
(P=0.14, I-square=30%). After removing Shen et al.
[29] from the meta-analysis model, the overall risk ratio
still favoured the control group over the ketamine group
(RR 1.69, 95% CI [1.25, 2.30], P=0.0008), as illustrated in
Table 3 and supplementary Fig. 10A.

A meta-regression model was conducted in order to
explore the relationship between the age of patients and
the dose of ketamine/esketamine with dizziness. The
regression model concluded no significant correlation
(P=0.135, P=0.185) for both age and dose respectively.

Nausea

This meta-analysis model included 6 studies [23, 26, 28,
29, 36, 37]. The overall risk ratio did not favour either
ketamine/esketamine or control groups (RR=0.83, 95%
CI[0.32, 2.16], P=0.70). Pooled studies were not homog-
enous (P=0.02, I* =64%). Heterogeneity was best resolved
by excluding the study of Zhang et al. 2021 [37], (P=0.13,
I* =44%). After omitting Zhang et al. from the meta-anal-
ysis model, the overall risk ratio still did not favour either
of the two groups (RR=1.10, 95% CI [0.52, 2.33], P=0.80),
as demonstrated in Table 3 and supplementary Fig. 10B.

Vomiting

Nine studies were pooled in this analysis [16, 23, 2629,
35-37]. The overall risk ratio did not favour either keta-
mine/esketamine or control groups (RR=1.10 95% CI
[0.61 1.98]P=0.76). Pooled studies were not homoge-
nous (P=0.06, I* =47%). Heterogeneity was best resolved
by excluding the study of Zhang et al., 2021 (P=0.44, I?
=0%). After removing Zhang et al. [37] from the meta-
analysis model, the overall risk ratio favoured the control
group (RR=1.59, 95% CI [1.16 to 2.19], P=0.004), as illus-
trated in Table 3 and supplementary Fig. 10C.

Headache
Four studies [16, 23, 29, 35] were included in this meta-
analysis model. The overall risk ratio between the
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ketamine/esketamine group did not favour either of the
two groups (RR=1.95, 95% CI [0.77, 4.98], P=0.16).
Pooled studies were homogenous (P=0.73, I’=0%), as
demonstrated in Table 3 and supplementary Fig. 11A.

Blurred vision

The overall risk ratio of the three pooled studies [28, 29,
34] favoured the control group over the ketamine/esketa-
mine group (RR=5.20, 95% CI [1.33, 20.37], P=0.02). No
heterogeneity was observed between the pooled studies
(P=0.38, I> =0%). Zhang et al. [37] reported no events of
blurred vision in both arms, as illustrated in Table 3 and
supplementary Fig. 11B.

Hallucinations

We included six studies in this model [16, 26, 27, 30, 34,
35]. The overall risk ratio between the ketamine/esketa-
mine and control groups favoured the control group
(RR=6.68, 95% CI [1.99, 22.37], P=0.002). Pooled stud-
ies were homogenous (P=0.98, I = 0%). Guo et al. [38],
Shen et al. [29], and Monks et al. [28] reported no events
of hallucination in both ketamine and control groups, as
shown in Table 3 and supplementary Fig. 11C.

Diplopia

Three studies [28, 30, 35] were included in this meta-
analysis model. The overall risk ratio did not favour either
the ketamine/esketamine group or the control group
(RR=1.66, 95% CI [0.56, 4.95], P=0.36). The meta-anal-
ysis model showed no heterogeneity between the pooled
studies (P=0.37, I> =0%). Guo et al. 2023 [22], Shen et al.
2023 [29] and Wang W 2022 [30] reported no events of
diplopia in both arms, as illustrated in Table 3 and sup-
plementary Fig. 11D.

Estimates, confidence intervals, and P values are pre-
sented in the summary of our meta-analysis (Table 3).
Data of different outcomes that were considered unin-
formative for meta-analysis are summarised in supple-
mentary Table 2.

Discussion

In this systematic review and meta-analysis, we
addressed the potential effect of ketamine and Esketa-
mine on PPD after caesarean or vaginal delivery. Several
studies have reported that ketamine and esketamine are
efficient in the treatment of several depressive disorders
which suggests their potential efficacy in the prevention
of PPD [41-44].

Ketamine was approved by the FDA in the year nine-
teen seventy as an anaesthetic drug. At the dawn of the
21st century, ketamine unfolded a new revelation of its
potential when Berman et al. first reported its antide-
pressant effect in patients with MDD. The mechanism
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of action of ketamine as an antidepressant has not been
fully expounded. However, it’s postulated to its antago-
nistic properties on NMDA receptors of GABA interneu-
rons and its agonistic properties on AMPA receptors [45,
46].

We found that ketamine and esketamine significantly
decreased the incidence of short-term and long-term
PPD when compared to the control group. The meta-
analysis conducted by Li et al, 2024 which included
women who underwent caesarean delivery, came in
agreement with our results. They found that Ketamine
and esketamine significantly lowered the risk ratio of
long-term and short-term PPD among women when
compared to the control group (P values were 0.0006 and
<0.0001, respectively) [47].

In our study, when subgroup analysis was performed
for ketamine and esketamine separately compared to the
control group, we found a significant effect for each drug
in reducing the incidence of short-term PPD. In contrast,
only esketamine was significantly effective in reduc-
ing the incidence of short-term PPD. In contrast to our
results, Li et al., 2024 found that only esketamine showed
a significant decrease in the incidence of PPD on the
short-term and long-term levels (p-value=0.007 and 0.02
respectively) [44]. This may be attributed to the potent
and rapid antidepressant effect of esketamine compared
to ketamine. It was found that esketamine is 3 times
more potent than esketamine since it has more affinity to
the NMDA receptors [48].

In this study, Subgroup analysis based on the route of
administration revealed a significant efficacy for Keta-
mine/esketamine in reducing the incidence of short-term
PPD when administered through intravenous, epidural,
or (epidural+PCIA) routes. However, no significant
effect was observed for the PCIA route alone. All the
routes were significantly effective in lowering the inci-
dence of long-term PPD except the intravenous route.
Likewise, the study conducted by Li et al.,, 2022 among
women following caesarean delivery reported that intra-
venous ketamine significantly lowered the incidence of
short-term PPD as well as the PPD scores in compari-
son to the control group (P values=0.0007 and 0.002
respectively). They also reported that there was no sig-
nificant difference between the groups in the long-term
PPD scores [49]. Moreover, the Ma et al. meta-analysis
that included women after caesarean delivery found that
intravenous esketamine is significantly effective in reduc-
ing the incidence of short-term PPD (P value <0.0001),
whereas no significant effect was observed on the long-
term PPD (P value=0.14) [50].

In addition, we performed subgroup analysis accord-
ing to the dose, which revealed the efficacy of doses less
than 0.5 mg and doses of 0.5 mg ketamine/esketamine
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in lowering the incidence of long-term and short-term
PPD. On the contrary, Li et al., 2024 found that only
high doses efficiently reduced the incidence of short-
term and long-term PPD (p-value<0.0001 and 0.002,
respectively [47].

Regarding the risk of side effects, patients in the Keta-
mine/esketamine group showed statistically significant
higher rates of developing blurred vision, dizziness, hallu-
cinations and headache than women in the control group.
However, no significant difference was observed between
the groups in Nausea, vomiting, and Diplopia. Li et al,
2024 have similar findings regarding the risk of side effects,
but the risk of diplopia was significantly higher among the
Ketamin/esketamine group (p-value=0.01) [47].

Despite the fact that the reported side effects are tem-
porary and usually resolve after discontinuation of the
drugs, we recommend using small doses [51]. Since low
doses were as efficient as high doses, this study suggests
using the lowest possible dose to be more tolerable and
avoid the reported side effects.

Regarding short-term and long-term EPDS scores,
both Ketamine and esketamine showed significantly
lower scores than women in the control group. Li et al,,
2024 found that only esketamine significantly lowered
short-term and long-term EPDS scores. Also, they found
significant results only with the PCIA route of admin-
istration and high doses of the drugs. Whereas, in our
study, we found significant results for high and low doses
as well as PCIA and IV routes of administrations [47]. We
also found that only esketamine effectively improved the
change in short-term EPDS score from baseline. How-
ever, both of the drugs significantly affected the change in
long-term EPDS score from baseline.

Moreover, ketamine and esketamine are effective in
both modes of delivery, either caesarean or vaginal, when
compared to a control group, based on a subgroup analy-
sis of the studies included in this meta-analysis. Research
has found that there is no significant difference between
caesarean and normal delivery in the risk of PPD [52—54].
History of emesis during pregnancy, previous depression,
and being a housewife have been identified as risk factors
for PPD. Thus, women with these risk factors need special
care [55].

Our study is a comprehensive systematic review and
meta-analysis dealing with a large population with a
diversity of doses and routes of administration. The
comprehensiveness of our systematic review allowed us
to conduct various subgroup analyses to deal with such
diversity. The subgroup analyses allowed us to examine
the effect of ket/esket on postpartum depression deli-
cately. Most of the included studies were randomised
controlled trials of high quality depending on the RoB2
quality assessment tool. The number of studies allowed
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us to perform meta-regression and investigate sources of
heterogeneity in some outcomes.

Including both experimental and observational designs
in a meta-analysis model allowed for a more comprehen-
sive result. However, it poses a significant challenge as
observational designs are more prone to bias. Another
challenge is the inconsistent reporting of outcomes
between the two study designs. We performed a thor-
ough quality assessment of the included studies using
RoB2 and NOS tools. We followed a careful outcome
selection process to overcome the potential biases attrib-
uted to the variability of study designs.

The subgroup analyses conducted in this study didn’t
solve most of the heterogeneity, which made a significant
limitation of this study. However, whenever feasible, the
leave-one-out test was conducted after subgroup analy-
sis in each subgroup separately. Leave-one-out test of
subgroups resolved heterogeneity in many subgroups.
Heterogeneity might be attributed to the differences in
doses, routes of administration, and mode of delivery
(emergency caesarean, elective caesarean, and normal
delivery). This study was incapable of controlling the
impact of unmeasured confounding variables, taking
into consideration its design. This might be the source of
unresolved heterogeneity in many models, limiting our
results’ generalizability. However, meta-regression mod-
els were conducted whenever feasible to investigate pos-
sible confoundings and sources of heterogeneity.

Also, the noted publication bias poses a challenge for
such meta-analysis due to the potential risk of overesti-
mating the true effect size as a result of the possible loss
of negative results. In addition, there was no diversity
in the studied sample, where 19 out of the 21 included
studies had Chinese populations. Thus, further trials are
needed in different regions of the world to address the
efficacy and safety of esketamine among a diverse popula-
tion refraining from the possible underreporting of stud-
ies with certain types of results. Further well-structured
clinical trials will facilitate the development of stronger
meta-regression models.

In conclusion, Ketamine and esketamine are effective
in lowering the incidence of occurrence of short-term
PPD. On the other hand, only esketamine is effective in
reducing the incidence of long-term PPD. Epidural or
epidural 4+ PCIA are effective routes for both long-term
and short-term development of PPD. The drugs don't
have long-term serious side effects. However, temporary
side effects such as dizziness, vomiting, blurred vision
and hallucinations were reported. Moreover, doses less
than 0.5 mg and those of 0.5 mg or more were both sig-
nificantly effective in comparison to the control groups.
Thus, it is recommended to use smaller doses for a more
tolerable treatment period without anxious side effects.
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